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I .  INTRODUCTION
Steam engines are often sold with a gurantee to give a cer­
ta in  performance when operating under certa in  conditions o f in i­
t i a l  and back pressures. Generally these conditions can not be 
attained and maintained constant throughout the te s t. A correc­
tion  of the results must then be made on some basis so that these 
corrected resu lts shall be comparable with the guarantee made. 
These corrections are sometimes made by means o f curves taken 
from sim ilar machines operating under lik e  conditions and some­
times by means of rational formulas which are supposed to hold 
over the lim it o f varia tion  o f conditions,obtained on the te s t, 
from those specified  in the guarantee. In no case is  i t  assumed 
that th is correction shall hold over any large range.
I I .  OBJECT.
The purpose in view in starting th is thesis was to find  out 
from an extensive series of tes ts  upon a simple engine whether or 
not some rationa l correction , founded upon some such basis as a­
va ila b le  heat drop, could be made to apply over any large varia ­
tion  of in i t ia l  and back pressures or i f  i t  could be considered 
as accurate over even a medium range. In case such a rationa l 
correction was not found to be applicable the alternate object 
was to draw a set o f curves, showing the economy of the engine 
under the d iffe ren t conditions o f load, in i t ia l  and back p res­
sures, which might be considered as a c r ite r ion  fo r  correction 
fo r  sim ilar conditions obtained with sim ilar engines.
2I I I .  APPARATUS TESTED.
The machine upon which these tests  were conducted was an 
8" x 18” , simple, horizontal, double-acting, Corliss engine, 
b u ilt by the Murray Iron Works o f Burlington, la . This engine 
had been used fo r  a ir and steam mixtures so that i t  was in rather 
poor condition. Preparatory to the tests  the valves were ground 
in and the engine put in good order. A fter th is , however, i t  re­
quired quite a lo t  of running to put i t  in shape so that the re­
sults could be considered as characteristic  fo r  the engine, or, 
in other words, so that the results from one test could be dupli­
cated by another test under sim ilar operating conditions.
IV. TESTING APPARATUS.
The engine was f i t t e d  with a band prony brake of specia l de­
sign capable o f taking care of the maximum load of the engine.
The reducing motion used was a special design consisting of 
a side shaft with a sp ira l wedge groove engaging a wedge-shaped 
pin extending from the cross head. Upon th is  shaft were two sec­
tors each operating &n ind icator•
Two outside spring Crosby indicators were used with 80 lb .
springs and 1 l /2 inch drums.
A th ro ttlin g  calorim eter, with a mercury thermometer, was 
used to determine the quality o f the steam supplied to the engine
A 0-150 lb . test gage connected near the th ro tt le  oi the en­
gine was used to measure the in i t ia l  pressure and a compound gage 
attached to the exhaust pipe just below the engine cylinder was 
used to get the back pressure.
3To determine the weight of steam used, a Worthington condens­
er of 36O sq. f t .  cooling surface was used, the steam condensed be-I 
ing weighed in a tank s u ffic ien t ly  large to hold the steam condens-, 
ed in one hour. I t  might be w e ll to add here that the condenser 
was out of proportion fo r  the engine but that its  use was neces­
sary, due to the small condenser in sta lled  with the engine not 
having an a ir pump.
V. METHOD OF CONDUCTING TESTS.
One hour tests  were run, data being taken every ten minutes. 
Three in i t ia l  pressures were used, 120, 100, and 80 lb . gage. With 
each of these pressures s ix  d iffe ren t back pressures were used,
20", 10", 0, 5 lb . ,  10 lb . ,  and 15 lb . In i t ia l  pressure was kept 
constant by means of a gate valve in the main at the west entrance , 
o f the laboratory, the length of main acting as a reservo ir fo r 
equalizing the pressure.
Back pressure was kept constant by means of a valve in the 
exhaust pipe near the condenser, the length of the pipe to th is  
point acting as a reservo ir for the exhaust steam. By carefu l ad­
justment of these valves close regulation of pressures was main­
tained.
Beginning with 3 brake horse power, the load was increased by 
approximately 5 b .h.p. increments for each o f the conditions of in­
i t i a l  and back pressures; in each case the load being carried to 
the maximum load the engine would pu ll with the ex isting  conditions. 
For every change of load the governor rods were adjusted fo r  pro­
per d istribu tion  o f load and the engine was run long enough to get 
conditons constant before the test was started.
4The tare of the brake (4-2 lb . ) was determined by turning the
engine forward and backward before starting the tes ts . The revo­
lutions per minute were obtained from a Veeder continuous counter.
V I. CALIBRATION OF APPARATUS.
A l l  apparatus used was calibrated before the tes ts . The in­
d icator No. 1080, used on the head end, had an average true value 
fo r  the spring of 79.6 lb . ,  while the one fo r  the crank end No. 
1083 had an average true value o f fS  lb . The gages were adjusted 
u n til the error was within the error of observation. The thermom­
eter used fo r  the calorimeter was correct w ithin lim its  of obser­
vation . The scales used for the brake were sensitive to within 
less  than a quarter of a pound.
V II. LOG OP TEST.
Inasmuch as conditions were kept constant during the test 
no log is given, but a l l  average data are to be found in the re­
sult sheets.
V I I I .  SAMPLE CALCULATIONS.
The fo llow ing sample calculations apply to test number 1, and 
are characteristic fo r a l l  the te s ts . Steam table values are got­
ten from Marks and Davis Steam Tables, values fo r heat content be­
ing taken from the M ollier Diagram accompanying the tab les.
Item No. 3. Atmospheric pressure = Barometer reading x .4-91
= 29.55 x .4-91 = 14-.50 lb . per sq. in .
5Item No. 5 . Absolute steam pressure = Gage reading + Atmos­
pheric pressure *s 120.7 + 14.5 = 135*2 lb . per sq. in .
Item No. 7. (Barometer reading - Exhaust gage reading) x 
.4-91 = (29.55 -  20.03) x .4-91 = 4-.67.
Item No. 9. quality of steam, from M ollier chart = .986.
Item No. 13 . Brake horse power = “  Knw*
K = = .001
33000
b. h. p. = .001 x 102.4 x 3^2 = 35.03
Item 16. Indicated horse power, Head end = ^ -™-Q = GP*i
c = 1^1 x. 1Q.».21 _ . 002273.
33000
i ,  h. p. = .002273 x 82.3 x 102.4- = 19.26
Item 17. Indicated horse power, Crank end = = c'pn33000
c. -  .00216
i .  h. p. = .00216 x 81.3 x 102.4 = 17.98
Item 18. I .  h. p. to ta l ™ i .  h. p. ( H. E. ) *4* x« h. p. ( C. E.
a 19.26 + 17.98 = 37.24.
Items 20 and 21. Condensate per h. p. hr. = Steam used per 
hr. -*• to ta l h. p. = 915 * 37*24 = 24.56 lb . per i .  h. p. h r ., or
915 * 35.03 -  26.11 lb . per b. h. p. hr.
Items 22 and 23 . Dry steam per h. p. hr. (water rate ) = Con­
densate per h. p. hr. x qua lity .
24.56 x .986 = 24.22 lb . per i .  h. p. hr. 
or 26.11 x .986 = 25.74 lb . per b. h. p. hr.
Item 24. Heat content o f steam — gotten from M ollier chart 
= 1179.
Item 25. Heat content o f steam a fter adiabatic expansion to 
back pressure — gotten from M ollier chart.
Item 26. Available heat drop — gotten from items (24 ) and
6(25 ) a 1179 -  952 = 227.
Item 29. Mechanical e ffic ien cy  = X*" K*'~'"p* = ~ * ^ 1 or
9**1 f>.
Item 30. Thermal e ffic ien cy  »  Heat u t il iz e d  per lb . steam * 
heat supplied per lb . steam.
Heat u t iliz e d  per lb . steam = ”  103«7 B. t .  u.
Heat supplied per lb . steam = H79 ~ 127 = 1052.
Th. e f f i c .  = = .0986 or 9*86$>.
IO52
Item 31 . Poten tia l e ffic ien cy  = Heat u t il iz e d  by actual en­
gine per lb . steam as compared to that u t il iz e d  by the th eoretica l 
Rankine engine operating under sim ilar conditions = — -  **57 
or 4-5»7fo.
Item 32. Ratio o f expansion = Ratio of cylinder volume in­
cluding clearance to volume f i l l e d  with steam at cu t-o ff. Here the 
actual cu t-o ff was located from the diagram and the "nominal" cut­
o f f  located on the in i t ia l  pressure l in e . Two characteristic dia­
grams fo r  each test fo r  each end o f the cylinder were taken, the 
average ra tio  of expansion fo r  each end of the cylinder and’ from 
these the average value fo r  both ends was computed*
Length o f diagram = 3.84- in.
Equivalent length including clearance, H. E. = ^.05 in .,
C. E. = 1l-.06 in .
Length at cu t-o ff, including clearance, H. E. = I .38 in .,
C. E. = 1.3M- in .
Pressure at cu t-o ff, H. E. = 105.1 lb . ,  C. E. -  107*7 lb*
Absolute pressures = 119*6 lb . and 122.2 lb .
119*6 x 1.38 -  1.227  fo r  nominal cu t-o ff on head end.
13**5
12 2,* 2 -  1*217 fo r  nominal cu t-o ff on crank end.
7
r fo r  head end = i ' '^g§7'~ “  3*3
r for crank end = = 3 . 34­
1.217
Av. value of r fo r  both ends = 3»32
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The E f fe c t  of  In it ia l and  B a c k  P r e s s u r e s  up o n  t h e  
W a t e r  R a t e  of a  S i m p l e  S t e a m  E n g i n e .
R e s u l t s  o f  T e s t s  . T a b le  N o . I ' I n i t i a l  P r e s s u r e - 1 2 0  lb.
H .r C o d e K e , .
No. N a m e  o f  I t e m
T r i a l  N u m b e r
1 e 3 -4 6 7 S 9 1 0 1 5 / 6 / 9 13 2 / 2 2 2 3 3 3 3 4 3 7 3 5 8 7 4 2 4  9 5 4 5 3 5 0 5 1 5 2 10 6 107 9 2 7 0 71 7 2
1 D u r a t i o n  o f  t r i a l  -h r . I 1 1 1 1 1 1 l I' 1 1 1 1 / / 1 1 1 1 / 1 1 1 1 1 1 1 1 1 1 1 l 1 1
2 B a r o m e t e r  - i n . o f  Hg. 2 9 .5 5 2 9 .3 0 29 .28 2 9 .2 5 2 9 .2 0 29.16 2 9.12 29.16 2 9 .2 0 2 9.21 2 9.40 2 9.46 2 9 .1 0 2 9 .0 5 2 9.10 29.13 2 9 .8 3 2 9 .8 0 29.02 2 9.80 28.99 29.72 2 9 .8 7 2 9 .4 6 2 8 .9 9 2 9 .6 2 2 9 .5 6 2 9 4 3 2 9 .4 2 29.40 2 9 .0 3 2  9 .2 2 29.12 29.11
3 A t m o s p h e r i c  p r e s s u r e  - 4 / s q . i n , 1 4 .5 0 / 4 .3 8 1 4 .3  7 1 4.36 1 4 .3 3 14.31 1 4 .2 9 / 4 3 I / 4 .3 3 / 4  3 4 1 4 4 3 1 4 4 6 1 4.28 1 4 2 6 14.28 14.30 1 4 .6 4 14.63 14.25 / 4 .63 14. 2 4 14.59 14.6 6 14.46 14.25 14.54 14.51 14.45 14.44 14 .4 3 14.25 14.34 14.29 14 .2 9
4 S t e a m  p r e s s u r e  ~ ^ / s q . / n . 1 2 0 .7 / 2 0 .) 1 2 0 . 4 1 1 9 .9 120.1 120.0 120.5 (2 0 .3 12 0 .4 120.1 1 / 9 .9 / 2 0 .0 (1 9 .8 120.0 120.0 119.3 1 /9 .9 120.3 120.6 120.2 120.0 120.0 1 2 0 .0 120.0 IZO.I 119.9 120 1 2 0 1 2 0 / 2 0 12 0 1 2 0 120 120.1
5 / i b s . S t e a m  p r e s s u r e  - ^ s q . i n , 1 3 5 .2 134.5 1 3 4 .8 134.3 1 3 4 .4 (3 4 .3 1 3 4 .8 1 3 4 6 134.7 1 3 4 .4 / 3 4  3 1 3 4 .5 1 3 4 / 1 3 4 3 1 3 4 .3 13 3 .6 13 4 .5 134.9 134.3 13 4.8 1 3 4 2 134.6 1 34.7 134.5 134.4 1 3 4 .4 134.5 134.5 1 3 4 4 134.4 13 4 .3 134.3 134.3 134.4
6 E x h a u s t  p r e s s u r e  o r  / a o u u m . 2 0 .0 3 ” 20.0d ' 10.00" 0.00 2 0 .0 0 ’ 10.00" 0.00 4 .9 7 * 10.0 0 * 15.03* 20.00" 10.00" 0.00 5.00* 10.06* 15.00* 20.00” /O .oo" 0.00 5 0 0 * lo.o/f 75.00* 2 0 .0 0 ” 70.00" 0.00 5 .0 0 * 10.00* 7 5 0 0 s 20.00” / o . o o " 0.00 5.00* 10.00* 15.00#
7 4  b s .  e x h a u s t  p r e s s u r e  -^T/sq.ln  . 4 .6 7 4 .5 6 9  . 4 6 14 .3 6 4 5 1 9 . 4 0 1 4 .2 9 1 9 .2 8 2 4 .3 3 29.3 7 4 .6 / 9 .5 5 14.28 19.26 24 .2  8 2 9 3 0 4 ,8 2 S. 72 14.25 19.63 2 4.24 2 9 .5 9 4. 8 4 9.55 14.25 19.54 24.51 2 9 .4 5 4 .6 2 9 .52 14.25 19.3 4 24.2  9 29.29
6 C a lo r im e + e r  t e m p e r a t u r e  - d e g . F , 2  74.4- 2  7 4 5 2  7 6 .5 2 6 6 .7 2 6  7.3 2 8 0 .4 2 8 0 .9 2 8 0 .5 2 8 0 .3 2 64.6 2 6 6 .9 2  65 .0 2  79.0 276.1 2 8 0 .6 280.1 211.9 2 7 5  6 278.7 268.9 2 6 2 .9 2 80.1 281.1 270.1 280 .7 2 7 8 .3 279 .9 2 78.6 2 8 / 2 8 2 .3 2  74.7 2 78.7 274.9 215.1
9 Q u a l i t y  o f  s t e a m ,9 8 6 .9 8  6 .9 8  7 .9 8 1 .9 8  2 . 9 8 9 .98  9 . 9 8 9 .9 8  9 . 9 8 / ,9 8  2 . 9 8 / .9 8  8 .9 8  7 . 9 8  9 .98 8 .9 95 . 9 8 7 .9 8 8 .9 8 3 .9 8 / .9 8 9 .9 8  9 .9 83 . 9 8 9 . 9 8 8 .9 8 8 . 9 8 8 . 9 8 9 .9 9 0 .9 8 7 .9 8  8 .98 6 .9 8 1
/O R o o m  t e r n  p e r a t u r e  - d e q . F 6 9 6 5 6 5 . 5 6 7 6 5 7 2 6 8 6 8 .5 6 9 6  1 6 3 .5 62. 6 5 6 7 7/ 73 7 / 5 7 2 .5 73 64.5 S | .5 7 0 70 71 7 6 7 3 7 / 5 72 68 6  8.5 6 5 70 10 11
11 R e v .  p e r  m i n  , /O  2 . 4 / 0 2 .6 / 0 2 . 4 102.5 1 0 4 1 03.7 1 0 3 .6 102.6 10 2 .2 (0 2 . 9 106.2 105.7 104.5 /Of, 8 / 0 4 .2 /0 4 / 07.2 106.7 / 05.9 105.8 105.7 10 4.2 708.8 101.7 101.2 101 105.9 105.2 109.8 1095 /0  9.G 108.5 /O 7.8 10 7
12 N e t  w e i g h t  017 b r a k e  s c a l e s . - l b . 3 4 2 291 2 4  2 2 9 2 2 4  2 2 4 2 2 4 2 2 4 2 2 4  2 2 4 2 194 194- 1 9 4 19 4 / 9 4 1 9 4 144 144 1 4 4 144 144 1 4 4 9 5 9 5 9 5 9  5 9 5 9 5 4 7 4 7 4 7 4 -7 4 7 4 7
/3 B r a k e  h o r s e p o w e r 3 5 . 0 3 2 9 .6  7 2 9 .9 / 2 9 .8 9 2 5 .1 6 25.10 2 5 .0 7 2 4 8 3 2 4 7 3 2 4 9 0 2 0 .6 0 20 .5 0 2 0 .2  7 2 0 .3 3 2 0 .2 2 20.17 15.44 15.3 7 15.25 J5.Z3 15.22 15.00 1 0.33 10.23 10.18 10.16 10.06 10.00 5.16 5.15 5.15 5 / 0 5.06 5 .0 3
1 * M e a n  e f f e c t i v e  p r e s s u r e  -  H.E S 2 . 3 7 0 .5 6 9 ,8 3 7 2 .3 3 5 8 .4 5 55.97 5 7 .5 0 5 5 5 5 57.00 56.17 4 6 .2 0 46 .8 5 4-6.50 4 5 8 0 4 4 .7 8 4 5 .6  0 3 4 6 2 3 4 .4 2 34.41 34.63 34.00 3 3.17 2 2 .6 0 22.18 22.75 21.35 21.51 21.56 ll .4 o 12.02 12.44 12.02 11.40 11.82
15 M e a n  e f f e c t i v e  p r e s s u r e  - C . E 8 1 . 3 7 0 .9 7 0 . / 0 6 5 8 0 6 0 .3 6 (,1.38 5 7 7 0 5 8 . 7 ? 5 6 .7 0 5 7 .7 3 4 9 .2 / 4 9 .6 0 4 6 .9 8 4 7 .80 4 7 .8 0 4 6 .8 0 3 7 8 6 37.47 36.66 3 5 6 5 3 6 .4  7 3 6.06 2 5 .3 2 2 5 .5 2 25.06 2 5 .7 3 2 4 .5 0 25.73 14.18 1378 13.17 13.37 14.50 13.57
16 I n d i c a t e d  h o r s e  p o w e r  -  H.E. 1 9 .2 6 16 .5 0 16 .35 / 6 .9 0 1 3 .9 0 13 .2 6 13.6 0 13.01 13.31 13.19 11.21 1 1.31 11.10 10.9 7 10.67 /0 .8 J 8,48 8.40 3.3 3 8 3  8 8. 2 2 7 .9 0 5 .6 7 5.46 5 .52 5 .2 2 5 .2  2 5 .18 2 .8 6 3 .0 / 3.11 2 .9 8 >2.8/ 2 .8 9
17 I n d i c a t e d  h o r s e  p o w e r  -  C . E 17.98 1 5 .7 2 15.50 1 4 .5 5 1 3 .5 5 1 3 .7 5 1 2 .9 0 13.01 12.5 2 12.90 11.29 11.32 10.60 /0.83 1 0 .7 6 10.51 8.77 8 .6 4 8 .3 8 8.2 2 8 .3  2 8 -1 2 5195 5 . 9 4 5 .8 0 5 .9 5 5  6 0 5 . 8 4 3 .3 6 3 ./7 3 .2 6 3.1 3 3.38 3.14
i s I n d i c a t e d  h o r s e  p o w e r  - T o t a l 3 7 2 4 3 2 .2 2 3 1 . 8 5 3 1 .4 5 2  7 4 5 2 7 0 1 2 6 .5 0 26.02 2 5 .8 3 2 6.09 22.50 2 2 ,6 3 21.70 21.80 21.4-3 21.36 17.25 17.04 16.11 16.60 16.54 16.02 II. 6 2 11.40 11.3 2 //.l 7 10.8 2 II. 02 6 .2 2 6.18 6.37 6.1/ 6.19 6 .0 3
19 C o n d e n s a t e  p e r  hr. ~ lb . 9 1 5 7 8 1 8 0 9 8  76.5 6 6 2 .5 6 9 0 7 3 5 .5 766.5 8 0 4 8 6 6 5 5 5 5 9 4 6 2 2 5 660.5 691.5 7 2 0 4 5 6 4 7 9 .5 506.5 5 3  6.5 511 58 8 .5 3  70 3 8 5 .5 4 0 4 4 2 9 4 4 9 481.5 2 72 2 945 3 1 9 341.5 3 7 7 404.5
2 0 C o n d e n s a t e  p e r  i.h .p .h r. - l b . 2 4 .5 6 2 4 2 4 2 5 . 4 0 27 .8 7 2 4 .1 4 2 5 .5 3 2 7 .8 0 2 9 .4 5 31.12 3 3 .2 0 2 4 .6  7 26.15 28.70 30 .30 3 2 . 2 5 3 3 .7 3 2 6 .4 3 28.15 30 .32 32.32 3 4 .5 2 36.14 31.84 3 3 .8 3 35.10 38.40 4 / 5 0 43.70 43 .72 4 7 .6 5 5 0 .0 8 5 5 .9 6 0 .9 6 7 /
2 / C o n d e n s a t e  p e r  b . h . p . h r .  -| b . 26.11 2 6 .3 4 21. o r 2 9 .3 4 2 6 .3 5 2 7 .4  9 2 9 .4 0 3 0 .8 9 32.50 3 4.78 2 6 .9 5 2 8 .9  8 3 0 .7 7 3 2 .5 0 34.19 3 5 .7 2 29.54 31. 20 33.20 35.20 3 7 .53 3 9 .2 5 35.80 3 7 6 9 39.70 4 2 2 3 44.63 ■4-8.15 52 70 51.18 61.95 66.95 74.50 80.40
2 2 D r y  S t  e a r n  p e r  i.h .p . h r . - l b . 2 4 .2 2 2 3 .9 0 25. 0 7 2 7 3 4 2 3 .7 / 2 5 2 5 2  7 4 9 29.13 3 0 .78 3 2 .5 7 2 4 .2 3 2 5 .6 5 28 .3 6 29.91 3 1 .9 0 3 3 .3 3 2 6 .0 3 27.78 2 9 .9 6 31.77 3 3 .8 6 3 6 .3 3 31.49 3 3 .2 5 3 5 .3 / 31.94 41.00 43.18 43.28 41.17 49 .43 55.23 59.05 6 6 .2 3
2 3 Dry  s t e a m  p e r  b .h .p . h r .  -| b 2 5 .7 4 2 5 .9 7 2 6 . C 9 2 8 .7  8 2 5 .8 8 2 7 1 9 2 9 .0 8 30.55 32.14 3 4 .1 2 2 6 .4 7 28.4-3 3 0 .4 0 3 2 .08 33.81 3 5 2 9 29.10 30.79 32.80 34 .60 33.15 3 8  .82 35.41 3 7 .0 5 3 9 .2 6 41.12 44.10 47 .57 52 7 2 56.61 61.15 66.15 7 3.45 79.36
2 4 H e a t  c o n t e n t  o f  s t e a m  ( i,) B.t.u, 1 1 7 9 1 1 7 9 118 0 117 5 M 7 6 1 1 8 2 1 1 8 2 1182 1182 1 1 75 II  76 11 7 5 1181 1180 II 8 2 I I  81 II 78 1180 1181 7/76.5 II  7 5 1181.5 118 2 1177 1182 1181 1 1 81 I I S I 1182 11 82.5 1180 1181 1173.5 II79 .S
2 5 S a m e  a f t e r  a d ia b .e x p . to  p2 ( i 2) B.t.u. 3 5 2 9 5 0 9  9 2 .5 1015 9 4  8 9 9 4 1 0 20 103 9 1055 1061.5 9 5 0 9  9 0 / 0  I 9 10 3 7 / 0 5 4 .5 1066 953 3 94.5 1020 1035.5 1049.5 1067.5 956 9 9 0 .5 1019.5 /0  3 9 1054.5 1 067 9 5  3 9 94.5 ' 1018 1038 10525 1066
2 6 i, -  ij, B.t.u. 2 2 7 2 2 9 187.5 1 6 0 2 2 8 1 8 8 / 6 2 143 1 2  7 1 13.5 2 2 6 185 162 1 4 3 1 2 7 5 1 15 225 185.5 1 6 / 141 1 2 5 .5 7 /4 . 2 2 6 186.5 162.5 142 126.5 1 14 2  1 9 188 1 6 2 14 3 121 113.5
2 7 S e n s i b l e  h e a t  a t  e x h .  p r e s s . [i 'z) B.t.u 1 2 7 3 1 2 6 .3 1 52.5 173.8 1 2 5 .8 158.2 179.6 / 94.1 2 0 6 .9 2 / 7 . 5 126.7 15 9 179.6 194.1 2 0 6 .8 2 1 7 .4 128.6 159.8 17 3.4 195.1 20 6 .7 2 / 8 128.8 1 5 9 17 84 194.8 207.3 2 1 7 .6 12 6.8 158.5 / 7 8 4 1 9 4 .3 2 0 6 .8 2.174
2 6 i, -  i2 Q.t.u 1 0 5 2 1 0 5 3 10 2 2 9 9 6 1 0 5 0 1 0 2 4 1002 9 8 8 9 7 5 9 5 8 / 0 4 9 1016 1001 9 8 6 9 7 5 9 6 4 10 4 9 1 0 2 0 7 0 0 3 9 8 / 9 6 8 9 6 3 10 5 3 1018 / 0 0 4 3 8 6 9 7 4 9 6 3 1055,2 1023.1 1 0 0 2 9 8  7 9 1 3 9  6 2
2 9 M e c h a n i c a l  e f f i c i e n c y 94.1 9 2 . 0 9 4 .1 9 5 91 .7 9 2 .9 9 4 .6 9 5 .4 9 5 .8 9 5 . 5 91.6 9 0 6 9 3.4 93.2 9 4 . 4 9 4 .5 8 9.5 90.2 91.3 9 1 .8 9 2.0 9 3.7 8 8 .9 8  9 .8 8 9 . 9 91.0 93.1 90 .1 83.0 8 3.3 8 0 .8 8 3 .5 81.8 84.9
3 0 T h e r m a l  e f f i c i e n c y  ' % 9 .8 6 9 .9  7 9 .8 1 9 . 18 10 .0 3 9 . 7 4 9.13 8 .7 5 8 .3 9 8.0 0 9 . 8 4 9 .5 8 8 .8 6 8 .5 3 8.1 0 7.8 3 9.19 8 .8 6 3.3 7 8 .0 3 7.6 2 7 / 9 7 .5 9 7 .3 9 7 / 0 6 .7 2 6.30 6.05 5 .5  2 5.22 5 .0  7 4.6 2 4.13 3 .94
31 P o t e n t i a l  e f f i c i e n c y  - % 4 5 . 7 4 5 . 9 5 3 . 4 5 7 .1 4 6 .2 5 3 .0 5 6 .5 6 0 .4 6 4 .4 6  7.5 4 5 .7 5 2 .6 5 4 7 5 8 .8 6 1 .9 6 5  6 4 2 .8 4 8 .7 52.1 5 5  8 3 -8 .8 42.1 35 .4 40.3 4 3 .9 •4-6.6 4  y.dr 51.1 2 6 .6 28.4 2  6 .9 3  1.9 31.6 3 3 4
3 2 R a t i o  o f  e x p a n s i o n 3 .3  2 4 .3 | 3 . 8 3 3 . 4 0 5 6 1 4 9 6 4 .4 9 3 .9 4 3 .5 4 3 .1 5 7.42 6 .5 9 5 .7  7 5.15 4 .7 6 40 0 11.3 3 70.02 8.31 7.26 6.06 5 4 0 18.73 15.35 12.26 1 0 .1 2 8.47 7.48 34.35 26 .0 6 2 0 .4 8 15.66 12.38 10.43
M
9
T h e  E f f e c t  of  Initial and B a c k  P r e s s u r e s  up on  th e  
W a t e r  R a t e  of a  S i m p l e  S t e a m  E n g i n e .
R e s u l t s  o f  T e s t s .  T a b le  No. 2  - I n i f i a l  P r e s s u  r e - 100 I b.
H. F. Cod eke
No. N a m e  o f  I t e m .
T r i a l  N u m b e r
5 1 1 12 14 86 2 8 2 9 3 0 3 1 3 2 1 0 4 4 8 4 6 4 5 9 4 4 3 5 5 5 6 57 5 8 5 9 6 0 7 8 77 76 7 5 7 4 7 3
1 D u r a t io n  o f  t r i a l  -h r . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 / 1 1 l 1 1
2 B a ro m e te r  - I n . o f  Hq. 29.22 29.2/ 29.38 29.27 29.56 29.55 2 9 .5 2 29.50 29.47 29.45 29.35 2 9 .8 7 2 9.85 29.86 29.16 29.72 29.62 29.62 29.60 2 9 .38 29.35 2932 29.26 29.26 29.26 2 9.27 29,26 2 9 .i l
3 A tm o sp h e r ic  p r e s s u r e  -# / s < f . i n . Z4-.34 1 4 .3 4 /442 14.3 7 14.52 14 .50 14.49 14.48 / 4.47 / 4.46 14.41 14 .66 14.65 14,65 14.31 14.59 1454 14.54 14.53 14.42 144/ - 14.3 9 14.36 14.36 14.36 14.37 14 -36 1 4 .29
4 S t e a m  p re s s u r e  - ^ / s q . i n . 10 0 .2 JO 0 .0 10 0 .0 100.0 10 0.0 10 0.0 JOO.O 1 0 0 .4 100.1 100.3 10 0.0 100.0 100.1 100.1 I 00.0 100.1 t o o .o 100.0 JOO.O 100.3 100.3 I0 O .I 10 0.0 100.0 JOO.O 9 9 .9 JOO.O to o .o
5 A b s .s t e a m  p r e s s u r e  -^ s c j.in . 114.5 114.3 1(4.4 1 1 4 4 114.6' 114.5 1 14,5 I 14.9 II 4.6 114.8 1 14.4 1 14.7 1/4,8 1 14,5 I 14.3 114.7 1/4.5 114.5 114.5 II 4.7 I I 47 114,5 114.4 114.4 114.4 1 /4 .5 114.4 114.3
6 E x h a u s t  p r e s s u r e  o r  vacu u m 2 0 .0 0 " 20.00 1 0 .0 0 " 0 .00 20.00" l o . o o " o .o o 500* 10.00* 15.00* 2 0.00" 10.00" 0.00 5.00“ 10.00* 15.00* 20.00" /o.oo" 0.00 5 .00* /O.OO* 15.00* 20.00" 1 0 .0 0 " 0.00 5 .0  0* 10.00* 15 .00*
7 A b s .e x h a u s t  p r e s s u r e  -# / sq .in , 4h S 3 4^52 3.51 /4,3 7 4  70 9.59 14.4-9 19 .48 2 4 .4 7 29.46 4.59 9 .7 5 14.65 19.65 24.31 29.59 4 .7 2 9.63 14.53 19.42 24.41 2.9.39 4.54 9.45 14.36 19.37 24.36 29.29
8 C a lo r im e t e r  t e m p e r a t u r e  -deq.F. 253.6 274./ 270.1 2 64.4 2 64-. 6 276 .1 2 75.7 2 75./ 274.1 268.9 259.1 272.1 2 74.1 273 259.3 273 2 7 0 .3 269.1 269.3 266.9 2 6 7 6 268.9 2649 2 65.4 265,9 2 65" 6 2 6 4 2 26 5.4
9 Q u a lit y  o f  s t e a m .983 ,9 8 9 .9  87 ,9 8  3 .9 8 5 .990 .9 9 0 .9 8 9 .9 8 9 .9 8 7 .980 .9 8 9 .9 8 9 .9 8 9 .9 8 3 .9 8 9 .9 8 7 .98 7 . 9 8 7 .9 86 . 9 8 6 .9 8 7 .985 .9 85 .9 85 .985 .9 8 4 .9 85
10 R oo m  t e m p e r a tu r e  -deg.F. 67 6 6 S 3 5 8 7 3 70 .5 70 6 8 .5 6 9.5 70 73 70 69 67 70 69 70 65 7 3 6 3 .5 65 74 60 69 68 65 66 69
11 R ev .p e r  m in . 102.1 103 102.5 103.1 104.5 1 0 5 10 4.5 104.1 10 3 .9 10 3.5 / 06.3 105.3 104.8 104.4 104.7 103.3 /0 7 .7 106.9 106.5 /O5 8 105.1 104.3 109.7 1 0 9 .4 108.3 107.3 10 6.6 105.9
12 N et w e ig h t on b ra k e  s c a le s  - lb . 2 9  2 2 4 2 2 4 2 2 4 2 1 9 4 194- 1 9 4 / 9 4 1 9 4 1 9 4 1 4 4 144 144 144 144 144 9 5 9 5 9 5 95 95 9 5 47 4 7 47 47 47
13 B ra  k e  h o rs e  p o w e r 29.8/ 24.93 24.80 24.95 2 0 .2 7 20.3 7 2 0 .2 8 20.20 20-15 2 0 .0 9 15.30 15.16 15.10 15.03 15.08 14.87 10.23 /0.I5 JO .12 10.05 9 .9 9 9,91 5.15 5. 14 5.0 9 5.04 5.01 4.98
14 Mean e f f e c t i v e  p re s s u r e  -H.E.. 76.48 56,6o 58.03 5 7 .2 0 4 -6 .6  5 4-6", 80 4 6 .0 0 45.8 0 4 5 .2 0 4 5 8 0 34.41 34.42 3 2 .96 3 3 .1 7 34.42 33.17 23.63 23.84 21.35 22.60 2302 2260 13.8 9 1348 12.86 12.23 II .8 Z 1 2 .2 3
15 M ean e f f e c t i v e  p re s s u r e  -C.E. 64.40 60.35 57.95 5 8 . 5 5 4 9 .2 5 49.20 4 8 .0 0 4 7 .4 0 47.60 46 .80 37.16 3 6 .8 7 36.46 3586 3 6.46 36.26 26.13 25 .73 26.13 25.12 2512 2512 14.59 14.50 14.59 14.30 1450 13.78
16 In d ic a t e d  h o r s e  p o w e r  -H.E. 17.84 1 3 .3 3 / 3.59 13,49 11.15 11.00 10.99 10.90 /0.74 / 0.84 8 .3 7 8 .28 7.89 7.92 8 .2 4 7.83 5 8 2 5.82 5 .1 9 547 W 5.39 3.48 3.37 3.18 3.00 2 .88 2 .96
17 In d ica ted  h o r s e  p o w e r  -C.E, 14.20 13 A  2 1 2 .8 3 13.04 11.12 11.16 10, 83 10 .66 10.69 10.46 8 . 5 4 8.38 8 .2 5 8.08 8.26 8,10 6.0 8 5-94 6.00 5.75 5.11 5.66 3.46 3.4  3 3,42 3.33 3 .3 4 3.15
18 In d ica ted  h o rs e  p o w e r  -  total 32 .04 2 6 .7 3 26.42 26.53 22.27 2 2 .1 6 2 1 .8 2 21.56 21 .4 3 21 .30 16.91 1 6 .6 6 16.14 16.00 16.50 15.93 11.90 11.76 11.19 11.22 11.24 11.05 6.94 6.80 6.60 6.33 6.22 6.11
19 Condensate p e r  h r. - lb . 8 3 3 6 9 2 3 73 7 7 8 1 58  3 6/4.5 6 4  9 6 8 3 7 3 0 .5 776 481 4 9  6 517.5 5 5 1 .5 5  9 3 623 367 3 9 0 4 0 6 .5 4 3 0 45 5 491 2 7 7.5 2 8 5 3 0 3 .5 34/ 3 68.5 40 1 .5
20 C on d en sa te  per i.h.p. hr. -  11>. 26.18 2590 27.88 29.44 26.19 27.75 29.74 31 .69 3 4 .0 9 36.44 2 8 .4 4 29.76 32 .0 6 34 .47 35.93 39.11 30.85 33 .16 36.33 3 8 3  3 4 0 5 3 4 4 4 3 39.97 41 .90 45.97 53.88 59.25 65.70
21 C on d en sa te  per b.h.p. h r. -  I b 2 8.16" 27.77 29.7/ 31.31 2 8 .7 5 30.18 3 2 .0 0 33.81 3 6.27 38.65 3 1 .4 5 3 2 .7 1 34.26 36 .70 38.40 41.90 35 . Q 3 3 8 .4 3 4017 4 2 .8 0 45.9 6 4 9 .55 53.90 55.50 59.60 67.70 73.15 80 .65
22 D rys te a m  p e r  i.h.p. hr. - lb . 25.73 25.6/ 27 .52 28.94 2 580 2 747 29.44 31.34 33.72 3 5 .9 7 2 7 .8 7 29.43 31.7/ 3 4 .0 9 35.32 38.68 3 0 .4 5 3 2 .73 35.86 3 7 .7 9 3 9.96 43,85 39.37 41 .2 1 4 5 2 6 53.07 58.30 64.71
23
24
Dry s te a m  p e r  b.h.p. hr. -  lb. 2 7.(67 27.4b 29.32 30.78 28.32 29.88 3 1 .6 2 33.44 35.87 3 8 .1 5 3 0 .8 2 32,3 5 33.89 36.30 3 8 .7 3 41.44 35.42 3 7.93 39.65 4 2 .2 0 4 5 32 4 8 .9 1 53.09 54.67 58.71 66.62 11.98 7 9 .4 4
Heat con ten t o f  s t e a m  Ci.) -B .t.u , 1 173 1179 1177 1174 11 75 1/80 118 0 1 179 1179 1177 11 72 1178 11785 1178 1173 1/78.5 1177 11 77 1177 1176 1 176 I I  77 1175 1175.5 1175.5 11755 1174$ 11 7 5
25 Same a fte r  ad iab .exp .to  pa UeV  B.t.u. 9 5 5.3 9 6 0 1001.5 10 2 4 960 1 0 0 4 10 30 1041.5 1064 1075 956 1002.5 1 0 2 8 1047 1059 10 75.5 961 100) 1 0 2 1 1045,5 1061 1075 9 5 1 10 00 1025.5 1 0 4 5 1060 JO 73
26 i, ~\z  -St.u . 217.7 219 175.5 1 5 0 2/5 1 76 150 131.5 1 15 102 2/6 17 5.5 150.5 131 1 14 1 0 3 216 170 150 130.5 115 10 2 21 8 1755 15 0 13 0 .5 114.5 10 z
27 Sensible heat at ex h. p ress. Ci ‘2)  “ B.t.u. 126,0 125.9 158.7 178.9 1 2 7 5 159.2 179.3 194.7 2 07.2 2/7.7 12 6.5 160 179.8 195.2 206.8 2 1 8 127.7 159.4 179.4 194.6 2 0 7 217,5 1 26.1 1 5 8 .5 178.8 19 4 4 206.9 217.4
28 i» — *» a -B.t.u. 10  4 7 10 53 1018 9 95 104- 8 1021 1001 9 8 4 972 959 1045.5 1018 999 983 966 960 1049 1018 998 981 9 6 9 960 / 049 i o n 997 98/ 968 9  5  8
29 M ech an ica l e f f i c i e n c y  - % 93.1 93 .2 93.9 94.1 9 J.l 92 .0 92.9 93.7 94.0 94.3 90.6 91.0 93.6 93 .9 91.4 93.5 86.0 86.3 9 0.5 6 8 9 .9 8.9 6 74.2 75.6 77.1 79.6 8 0.8 e/5
30 Thermal e f f i c i e n c y  - % 9.2 9 9.34 8.97 8 .6 9 9.28 8.98 8 .5 5 8.17 7.6 9 7.28 8.56 8-40 7.95 7 ,5 2 7.34 6 .7 8 7.52 7.54 7.02 6.77 6 4 3 3193" 6 . 0 7 5.9 7 6.56 4.8 2 4 .44 4 .0 5
31 P oten tia l e f f i c i e n c y  -  % 4-4.7 4 4 .9 5 2 ,0 5  7.7 45 .2 52.1 57.1 6 1.1 6 5.0 6 8.5 41.4 48 .7 52.7 5 6 .4 43 .7 6 3 .2 36.5 43-6 46.7 50,9 54.6 5372 29.2 34.6 36 9 36.2 37.5 38.0
32 Ratio o f  ex p a n s io n . 3.23 4.41 3.88 3.34 5.94 5.16 4.51 3.88 3.3 8 3.00 8.95 7.72 6,4-4- 5.51 4.60 4.15 1459 11.70 9.61 7.82 6.71 5.50 29.36 1 9.8 9 15.9 7 11.92 9.7 8 8.15
/o
T  he  E  f f e c t  of  ln it ia l anol Bac k  P r e s s u r e s  u p o n  t h e  
W a te r  R a t e  of a S im p le  S t e a m  E n g i n e .
R e s u l t s  of  T e s t s , T a b l e  N o . S - l n i t i a l  P r e s s u r e - 6 0  I b,
H.F.Godeke.
hi 0. N a m e  o f  I t e m ,
i r i a l  N u m b e r  .
1 0 2 10  3 2 5 2 4 3 6 9  7 9  8 9  9 4  0 6  6 9 6 6 4 6 3 6 2 61 79 8 0 8 1 8 2 8 3 8 4
1 D u r a t i o n  o f  t r i a l  -h r . l 1 1 l . i 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1
2 B a r o m e t e r  -in.ofHg. 2 9 ,3 5 2 9 .3 5 2 9 .2 8 2 9 .2 5 29.75 2 9.33 29.30 2 9.30 29.73 29.1 9 2 9 .4 0 29.16 29,27 29.2 7 29.29 29 .2 6 2 9.18 29.10 2 9 .0 4 2 9 .0 4 2 9 .3 8
3 A tm o s p h e r ic  p r e s s u r e  -* /sc j. 'in . 14.41 14.41 14.37 14.36 14.60 /4.40 14 3 3 14.38 14.59 14.3 3 I4 .4 J / 4.31 14.37 14.3 7 14,38 14.36 14.3 2 14.28 14.26 14.26 14.4 2
4 S t e a m  p r e s s u r e  -^/sq .in . 8 0 .0 6  0.0 79.9 8 0 .0 8 0 .6 80.0 80.0 8 0.0 80.4 8 0.0 80.0 80.3 80.1 80.0 8 0.4 8o.o 80,0 7 9 .6 80.0 6 0 0 8 0 .0
5 A b s ,  s t e a m  p r e s s u r e  -^/sq.in. 9 4 . 4 9 4 .4 9.43 94.4 9 5.2 9 4 .4 9 4 4 9 4 .4 9 5 94.3 94,4 94.6 94.5 94,4 9 4 .8 94.4 9 4 3 94.1 9 4 3 94.3 6 4 .4
6 E x h a u s t  p r e s s u r e  o r  v a c u u m 20.00" 2 0 .0 0 " 10.00" 0.00 20.00" 10.00" 0.00 5  0 0 # 10.00* 20.00" 10.00" 0.00 5.00* 10.00* 15.00* 20.00" 10 .00 " 0.00 5 .0 0 * 1 0,00* /5 .O 0 *
7 A b s . e x h a u s t  p r e s s u r e  -^/scj./n 4 .5 9 4 . 5 9 9.46 14.36 4 7  8 9.49 14.38 19 .38 2 4 5 9 4 .5 / 9.52 14.31 1 9.37 24.37 29.38 4 .5 4 9 .41 1 4.28 19.26 2 4 .2 6 29.42
8 C a l o r i m e t e r  t e m p e r a t u r e  ~ d eg ,F . 2 4 5 .8 2 4 6 .7 2 61. <o 2 6 4 .7 2 5 9 .2 2 5 3 .4 2 5 4 9 2  60.4 2 6 6 265.9 262./ 2 6 2 .2 261.2 261.5 2 6 2,1 252.1 2 5 3 2 5 2 2 5 3 .6 2  5 5 4 2 6,2 f t
9 Q u a l i t y  o f  s t e a m .9 78 .9 8 0 .987 .9 8 8 .9 8  5 .9 8 5 .9 8 4 .9 8 7 .98 9 .9 3 9 .9 8 8 ,987 .9 8 7 .987 .9 8 8 .98 2 .9 8 2 .982 .9 8 3 . 9 3 3 .9 8  8
10 R o o m  t e m p e r a t u r e  "d e g .F . 7 3 7 3 .5 5 6 5 8 69 67 67 6 8 6  6 6 8 6 9.5 68 7 4  5 6 9 6 8 6 4 70 7 0 6 9 6 9.3 6 4 .
SI R e v . p e r  m  i n. 10 2 .1 . 103 .5 103.5 10 2.8 105.2 ' 104.6 103.8 103.3 10 2 .8 1 0 6.8 / 06.7 105.1 / 04.4 103.8 10 3.0 109.3 109.0 108.1 107.0 106.1 / 0 4 .2
12 N  e t  w e i g h t  o n  b r a k e  s c a l e s  b. 2 4 2 1 9 4 1 9 4 1 9 4 1 4 4 144. 1 4 4 144 1 4 4 9 5 9 5 9 5 9 6 9 6 9 7 4 -1 4 7 4 7 4 7 4 7 4 7
13 B r a k e  h o r s e  p o w e r 2 4 .8 5 2 0 .09 20.08 19.95 15.15 15.0 6 14.95 14.87 14.80 10.15 10.13 9 .9 9 10,01 9.97 9.9 9 5 .1 4 5.12 5 0  8 5 0 3 4 ,9 9 4.91
14 M e a n  e f f e c t i v e  p r e s s u r e  ~H.E. 5 8 .0 5 4 6 ,4 4 4 6 .6 0 4 6 .2 0 34.6 3 3 4 8 3 34.85 34.6 2 3 4.00 22.81 23.15 24.26 23.22 23,02 2 3 4 2 / 3 .6 8 / 2.6 5 1 2 4 4 12 .23 11.61 (3 .2 7
15 M e a n  e f f e c t i v e  p r e s s u r e  ~C .E , 58.13 4 9 .0 0 4 8 ,6 0 4  7.40 3 7 .2 7 3  7.27 3 4.83 35.04 3 6 .0 6 26.54 25.9  3 2 6  ,/3 25.12 25.12 2 5 /2 13.78 14.50 (3 .7 8 14.18 14.59 14.73
! 6 I n d i c a t e d  h o r s e  p o w e r  ~H.E. 13.6 2 10.99 1 1.03 10,86 8.3  3 8 .3 3 8 .2 7 8.18 7.96 5 5 6 5 .6 4 5 8 2 5.54 5 .4 6 5-51 3.13 3.15 3.07 2.3 9 2 .8 2 3 .(6
IT I n d i c a t e d  h o r s e  p o w e r  ~C.E. 12.89 10.96 10.87 10.5 Z 8 .4 7 8 .4  2 7.81 7.82 8.0| 6. 1 2 5 .9 8 5 9 3 5.67 5. 6 4 5 .5 9 3.25 3.4/ 3,22 3 .2 8 3,34 3 .3  2
IS I n d i c a t e d  h o r s e  p o w e r  -T o t a l 26.51 21.95 21.90 21.36 16.80 16 .75 1 6.08 16.00 15.9 7 11.68 /1.6 2 11.75 11.21 JI.IO 11.10 6.38 6.56 6 .2 9 6 .27 6.16 6 4 8
19 C o n d e n s a t e  p e r  h o u r  - l b . 762 6 2 2 64/ 678.5 4 8 8 .5 5 0 6 532.5 561.5 616 3 7 6 3 9 3 4 2 4 4 3 9 4 6 4 .5 501 258.5 2 82,5 2 9 8 3 2  7.5 3 6 / 4 0 3 ,5
20 C o n d e n s a t e  p e r  i.h .p .hr. -| b . 2 6 .7 5 2 8 .3 4 29.26 31.75 2 9 .0 8 30.21 33 .0 8 35.20 38 ,5 6 32.20 33.31 36.10 39.17 41.85 4 5  6 4 4 0.52 43,07 4 7 .3  7 5 2 .2 3 58.60 62.28
21 C o n d e n s a t e  p e r  b .h .p .h r, - l b . 3 0 .6 7 3 0 .9  7 3 / .9 4 3 4 .0 0 3 2 .2 4 3 3.60 3 5 .6 2 37.76 41.61 37.0b 3 8 .8 0 42 .4 5 4 3 8 5 46.58 50.15 50.40 5 5 6 5 56.70 65.10 72.40 82.15
22 D r y s t e a m p e r  i.h .p .h r .  - l b , 28.10 27.77 28.88 31.37 2 8 .6 4 29.76 3 2 .5 5 34.74 38.14 31.85 3 3 .4 0 3 5 6 3 3 8 .6 6 41.31 4 5 .0 9 39 .19 4 2 .3 0 4 6 ,5 6 51.34 57.60 61.53
23 D r y S t e a m p e r  b .h .p .h r .  - l b . 3 0 .0 0 3 0 .3 5 31.52 3 3 .5 9 31,61 33.10 35.05 3 4 .2 5 41.15 36.65 3 2 .9 3 4 1 .9 0 43 .2 0 4 5 .9  8 4  9.55 49.49 54.65 57.64 64.00 7 M 7 81.16
24 H e a t  c o n t e n t  o f  s t e a m  Ci,) "B . t U . II 6 6 1167 1173 11 7 5 1172 1171.5 1171 1173 1175.5 1175.5 1174 1 1 7 4 11735 1173.5 I I14 II 69 1/69.5 1169 1170 1/70.5 I I 74
25 S a m e  a f t e r  a d ia b .e x P - t o  p 2 C i 2i 'B .tu . 9 6 3 .5 9 6 4 .5 1010.5 1.038 9 7 0 l o o a .s 1 0 3 5 1056 10755 9 6 8 .5 I 0 H .5 1 0 3 8 1057 1013 1 0 8 6 9 6 5 1007 1032 1054.5 /o  70 / 086
26 i . - i *  -B .tu . 2 0 2 .5 2 0 2 ,5 162.5 137 2 0 2 163 1 3 6 117 /o o 2.0 7 162.5 13 6 116.5 100.5 8 8 2 0 4 162.5 1 3 7 115.5 100.5 8 8
27 S e n s ib le  h e a t  a t e x h . p r e s s .O 's )  - B.tu, /2 6 .5 126.5 158.5 178.5 128.2 158.1 178.9 194.4 207.5 125.8 158.8 / 7 8 .6 194.4- 20 6 .9 211.5 / 2.6.1 158.8 l i d . 5 1 94.1 2 06,7 217.6
28 i -  ~ B.tu. 1039.5 10^0.5 1015 9 9 6 1 0 4 4 1013 3 9 2 9 79 9 6 8 1050 J 0 I3 9 9 5 979 9 6 7 9 5 7 10 43 1011 991 976 9 6 4 9 5 6
29 M e c h a n i c a l  e f f i  c l e n c y  “ % 9 3 .7 91.5 91.7 93.4 9 0 .2 83 .9 93.0 92.9 9 2.7 8 6 .9 87 .2 8 5 .0 89.3 8 9,8 9 0.0 80.6 7 S.0 8 0 .8 8 0 .2 81,0 7 5 8
30 T h e r m a l  e f f i c i e n c y  - % 8 .5 3 8 .6 3 8.5 7 6 .0 5 8 .4 0 8 .3 2 7.76 7 3 9 7.(4 7,53 7.42 7.09 6 .6 4 6 .2 9 5 . 8 9 6 .0 2 5 . 8 5 5 .4 2 •4.9 9 4,51 4,2. S
31 P o t e n t ia l  e f f i c i e n c y  ~°7o 4 5 8 4 4 .3 5 3 .5 5 8 .5 4 3 .4 51.7 5 6 .6 6 1.8 6 9 .2 3 8 .2 46.3 51 .8 5 5 6 0 6 0 .6 6 3 .4 3  0 .8 3 6 .4 3 9 .  2 4 2 ,2 . 4 3 .£ 4 6 . 5
32 R a t io  o f  e x p a n s i o n  . 3.1 4 . 4 8 3 .6 6 3.18 6.88 5 4 6 4 .6 / 3.86 3.3 2 11.17 8.91 7.10 5 .7  7 4.7 2 3 .9 5 21.12 16.53 l 2 .04 3.31 7.30 5.75
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XI. DISCUSSION OF RESULTS.
A. R e lia b il it y  o f Data.
As stated before, the tests  were of one hour duration. I f ,  
a fte r  starting the te s t , there seemed to be any change whatever 
in conditions, the test was prolonged beyond the one hour period 
and the data used fo r  the hour during which conditions were con­
stant. This was necessary only whenever the pressure in the 
steam mains got below that desired fo r  the te s t .  The size o f the 
condenser was out of proportion to that of the engine, so that 
small pockets of water might accumulate in the condenser and come 
out in the form of slugs. These slugs, while ord inarily  n e g lig i­
b le , may have some e ffe c t  upon the steam weighed out when the 
hours run only gives about 250 to 275 lb . Again, the rather long 
exhaust pipe might seem to give a chance fo r  water to pocket, but 
tests  upon th is seemed to show no water trapped in the "goose 
neck".
At f i r s t  there seemed to be a small leak in the condenser 
when a vacuum was used. Ordinary tes ts  fa ile d  to disclose any 
leakage, but i t  was f in a l ly  discovered. Inasmuch as the vacuum 
in the condenser had been kept approximately constant, the leak­
age was determined for th is d ifference in pressure and was taken 
as a constant fo r  these conditions. This a ffected  only a small 
numoer of tests and retests made upon some of these proved the 
assumption to be of no commensurate error.
The engine was tested at various times fo r  leakage by means 
o f logarithmic diagrams and also a thorough examination of the en-
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gine was made. No leakage seemed to be present. A l l  other pipes 
leading to the condenser or from the engine were either blanked 
o f f  or were removed en tire ly  so that a l l  the exhaust steam, and 
no other, got into the condenser.
B. Besults and Curves.
The water rate curves fo r the three in i t ia l  pressures and 
varying back pressures and loads seem, with very few exceptions, 
a l l  that can be desired. In nearly a l l  cases where the points do 
not f i t  righ t on the lin es  retests  have been made which have not 
d iffe red  from the points p lotted . The strangest thing seems to 
be the curvature of the so-called Willans* lin e s , espec ia lly  at 
120 lb . in i t ia l  pressure. Nothing has been found which seems to 
account fo r th is . At f i r s t  leakage was thought to be the cause. 
Tests, however, showed no leakage, and, furthermore, with con­
stant in i t ia l  and back pressures, the leakage should be almost 
independent of the load, thus merely ra is ing  the lin e  without 
curving i t .
In order to make results comparable, three things should be 
kept constant, in i t ia l  pressure, back pressure, and ra tio  of ex­
pansion. Inasmuch as the purpose o f th is thesis is  to determine 
the e ffe c t  o f in i t ia l  and back pressure, i t  looks as though th is 
comparison should be made upon the basis of constant ra tio  o f ex­
pansion, and not on constant load. For th is reason a th ird  set
o f curves, with water rate against ra tio  of expansion, has been 
p lo tted .
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X II. CONCLUSIONS.
No rational basis fo r correction has been found to ex is t.
I f  the Rankine e ffic ien cy  should be a basis fo r correction, then 
the steam consumption per indicated horse power should vary in­
verse ly  as the heat drop during adiabatic expansion from in i t ia l  
to back pressure. This was tested both fo r  conditions of constant 
load and constant ra tio  o f expansion. An equation to represent 
th is  would be
Wj_ _ i ,  -  ig
W?> i s  -  iij.
where is  -  i^  would represent the heat drop per pound o f steam
when W. pounds o f steam were being used per horse power hour, and
i , -  ig  would represent the heat drop when W* pounds o f steam were
used per horse power hour. This re la tion  does not exist fo r e i-
thei constant load or constant ra tio  of expansion. This was
checked by using the wet steam ( or condensate ) per horse power
hour with the values o f i  determined fo r  steam in i t ia l ly  wet
and also by using the dry steam per horse power hour ( or water
ra t e )  with the values of i  fo r  steam in i t ia l ly  dry. I t  was
thought possible to put a constant into the equation; thus
W i_ c + ( i ,  -  j , , )
W? c + ( is" -  i^ )
Here c had a d iffe ren t value fo r  every set o f values substituted, j 
A th ird  method tr ied  was
w. _ i ,  -  ig n
w* ”  is  -  i^
Here again n had a d iffe ren t value fo r  every d iffe ren t set o f ,
values used. .
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On ligh t loads the steam consumption per indicated horse 
power increases as the in it ia l  pressure increases. This is shown 
by curves (4 ) to (9 ) inclusive where the water rate lin es invari­
ably cross each other. This further proves the non-existence of 
any ra tiona l re la tion  of water rates because the availab le heat 
drop increases with the pressure and consequently the water rate 
should decrease instead of increase.
The conclusion reached is  that no simple rational basis fo r 
correction  over any range o f any consequence seems to ex ist and 
that the corrections must be made em pirically from curves pre­
v iously  determined and standardized from a sim ilar engine to the 
one under consideration.
